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Project Overview

ðFunding (DOE $2,857,896 and Cost Share $975,484)

ðOverall Project: 7/1/2019 ð6/30/2024

ðProject manager: Krista Hill

ðOverall Project Objectives

ü Rationally develop solubility -selective mixed matrix materials

comprising polar rubbery polymers and metal organic polyhedra

(MOPs);

ü Develop thin film composite membranes achieving high CO 2

permeance (3000 GPU) and high CO 2/N 2 selectivity (50); 

ü Demonstrate separation performance and stability with raw flue 

gas at NCCC; and

ü Perform techno -economic analysis on the membrane 

processes.



BPs and Team Members

BP 1: Rationally design and prepare 

freestanding mixed matrix films with 

CO2 permeability of 1000 Barrer and 

CO2/N 2 selectivity of 75 and CO 2/O 2 

selectivity of 25 (7/19 - 6/21)

BP 2: Prepare and optimize thin film 

mixed matrix composite membranes

with CO 2 permeance of 3000 GPU and 

CO2/N 2 selectivity of 50 and CO 2/O 2

selectivity of 20 (7/21 - 6/23)

BP 3: Prepare bench -scale spiral -would 

membrane modules and perform field 

tests with real flue gas at NCCC; and 

complete the techno -economic 

analysis (7/23 - 6/24)
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Promise of Membranes for 

Postcombustion Carbon Capture

Merkel, Lin, Wei, and Baker,

J. Membr . Sci., 359, 126 (2010)

ÅLow pressure and air sweep 

design

ÅHybrid of membrane and 

cryogenic units
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State -of -the -Art Polymers for 

CO2/N 2 Separation

Hu, Clark, Alebrahim, and Lin, J. Membr . Sci. (2022 ) 644 , 120140
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VC

(cm3/mol)

CO2 304 3.3 93.9

N2 126 3.64 89.8
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Our Approach: Sorption -Enhanced 

MMMs

Å CO2-philic rubbery polyethers

Å Porous metal organic polyhedra (MOPs)

>>2

2

1
CO

N

S

S



7

Design and Prepare Functional 

Polyethers

PDXLA

CO2

perm. 

(Barrer)

CO2/N 2

selectivity

Tg

(oC)

m=4 96 46 -46

m=6 164 57 -58

m=8 223 56 -60

m=10 223 54 -60

m=12 249 59 -60
10 ð50 g/batch production had been 

demonstrated

Pure -gas at 35 oC



Functional Polyethers with Different 

Oxygen Contents and Chain End Groups

 

Polymers

CO2

permeability

(Barrer)

CO2/N 2

selectivity

PDXLA8 220 56

POM4-ran -PDXLA8 140 61

POM12 -ran -

PDXLEA21
422 58

PDXLA8 -acetyl 390 51

Poly(DXL -5-Ots) 212 53

Poly(DXL -5-OTs)

Temp.

(oC)

Permeability (Barrer) CO2/N 2

selectivityCO2 N2

25 154 1.9 81

35 422 7.6 58

60 1330 40 39

POM12 -ran -PDXLEA21

Pure -gas at 35 oC
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Metal -Organic Polyhedra (MOPs)

Å 2 ð5 nm

Å Soluble in solvents

polyPDXLA polyPDXLA50
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